Introduction
In recent years, cases of human granulocytic anaplasmosis (HGA), as well as presence of A. phagocytophilum in ticks and various vertebrate hosts, have been reported throughout Europe. In Norway, tick-borne fever caused by A. phagocytophilum has been recorded in moose, red deer, roe deer and sheep [1] , as well as in humans [2] . The prevalence of A. phagocytophilum in I. ricinus ticks is important for risk assessment of HGA. In this study, we present the prevalence of A. phagocytophilum in host-seeking I. ricinus ticks collected during a 2-year period from 18 locations situated from northwest to southeast Norway.
Material and Methods

Sample collection
A total of 1634 Ixodes ricinus ticks representing adult females, males and nymphs from 18 sites were collected from wooded habitats by the standard flagging method during spring and summer 2006 and 2007. The ticks were picked from the towel and placed into 1.5 mL tubes filled with 70% ethanol and stored until DNA extraction.
DNA extraction
For DNA extraction, a modified procedure following that of Stańczak et al. [3] was used. DNA was isolated individually from each tick and the lysates were stored at −20°C until use.
Analyses
For I. ricinus identification, the lysates were analysed with species-specific primers (IxriF 5`GGA AAT CCC GTC GCA CG 3` and IxriR 5`CAA ACG CGC CAA CGA AC3`) resulting in a 150bp segment of the 5.8S rRNA gene [4] . We used primer sequences specific for the A. phagocytophilum msp2 gene identified as ApMSP2r 5'-ATGGAAGGTA GTGTTGGTTATGGTATT and ApMSP2r 5'-TTGGTCTTGAAGCGCTCGTA to generate a 77-bp fragment by using TaqMan probe ApMSP2p-FAM 5'-TGGTGCCAGGGTTGAGCTTGAGATTG as described by Courtney et al. [5] . Real-time PCR was performed by using TaqMan Master Mix in a quantitative thermal cycler (iCycler™, Bio-Rad Laboratories, Inc. Hercules, California, USA). Positive and negative controls were used in all runs.
Parameter values were analysed statistically by means of Pearson's χ 2 test by using the statistical package STATISTICA for WINDOWS 5.5.
Results and Discussion
Out of the 1634 ticks analysed, 93 harboured A. phagocytophilum (5.7%). The prevalence varied between the sites from zero, to 1.4%, to 19.4% (Table 1 ). The highest prevalence of infection was detected on the Hitra and Jomfruland islands, situated in northwestern and southern Norway, respectively. The overall infection rate in 2006 and 2007 was 4.0% and 6.5%, respectively (χ 2 = 3.53, p = 0.06). The prevalence of A. phagocytophilum infection in I. ricinus in Europe varies in different areas and between development stages of the tick [1] . We found that adult ticks collected in 2007 were more infected than nymphs (7.7% and 3.5%) (χ 2 = 5.97, p = 0.01) in contrast to 2006, where 2.1% adults and 2.7% nymphs where infected (χ 2 = 2.39, p = 0.12). The life cycle of A. phagocytophilum in Europe has involved I. ricinus ticks and wild animals as natural reservoirs [1] . Transovarial transmission of A. phagocytophilum in ticks appears to be inefficient, mammals are considered to play a major role in the maintenance and distribution of these bacteria in nature. Recent studies indicate that migrating birds may be important in the dispersal of A. phagocytophilum-infected I. ricinus in Europe [1] , and the role of migratory birds as reservoirs has been hypothesised. In the present study, the sites with the highest prevalence of infection are situated in the coastal areas where many migratory and sea birds cluster, which could play a role in the transmission of infection. In Jomfruland, larvae and nymphs collected on passerine birds in 2006 and 2007 were infected with A. phagocytophilum (Paulauskas et al., in press).
Small rodents are known to be the main host for the immature stages of Ixodes ricinus ticks, while red deer and roe deer play an important role for the mature tick stage. We found the highest prevalence of A. phagocytophilum in Hitra, which has a very high density of roe deer and red deer. They may play an important role in the infection route of A. phagocytophilum.
